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Abstract 
The diesel contaminants in the sediments of Huangpu-Yangtze River estuary (HYRE) affect the ecological 
environment seriously. The diesel degradation of four species of indigenous plants, Scirpus triqueter (Scirpus 
tripueter L.; STL), reed (Phragmites australis; PA), Herba Caricis Phacotae (Carex phacota Spr.; CPS) and Sagittaria 
sagittifolia (Sagittaria sagittifolia L.; SSL), and hydrocarbon-degrading microorganisms (HDMs) isolated from the 
HYRE wetland were evaluated with the simulation experiment. The pot experiments were executed to investigate the 
decontaminating potential of the four plants species with HDMs, called PA-Ms, STL-Ms, SSL-Ms and CPS-Ms 
respectively. It showed that diesel amount were decreased about 76-80% (at 15 000 mg/kg diesel level) respectively 
under the co-activation action of PA, STL, SSL and CPS with HDMs in the 60d experiment. The four plants with 
HDMs could degrade paraffins components which have high diesel indices in the diesel components, especially STL-
Ms, CPS-Ms and SSL-Ms. The wetland plants with HDMs showed a marked capability to degrade diesel. 
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1. Introduction 
The Huangpu-Yangtze River is the most important fresh water source of Shanghai. However, it has a 
high risk of diesel spill as transportation hub. The water with diesel discharged by some ships leads to the 
environmental pollution of HYRE and the coastal wetlands. Diesel was the main pollutants in the HYRE 
sediment[1]. The diesel contaminant is a type of hazardous fuel materials. Practically, diesel pollutants 
were difficult to soluble in the water and slow to degrade in the wetland. The bioremediation technology 
of contaminated wetland using natural microorganisms and plants have been extensively investigated in 
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recent years[2]. Phytoremediation has been proposed as a feasible option or complementary technique to 
treat the soils polluted by mineral and organic compounds[3]. Phytoremediation of organic pollutants 
depends on plant-microbe interactions in the rhizosphere of the plants, but the extent and intensity of such 
rhizosphere effects are likely to decrease with increasing distance from the root surface[4]. The 
rhizoremediation of many grass species, such as alfalfa, rape, vetch and mustard, mulberry, on the fate of 
hydrocarbons has been studied[5,6]. Mustard and vetch fostered the removal of petroleum hydrocarbon 
(PHCs) from soil, and final total petroleum hydrocarbons (TPHs) concentrations could be 15.6% and 12% 
lower than that in the unplanted soil. The two crops elicited the greatest degradative root activities and 
sustained particularly great populations of rhizosphere bacteria that are known as hydrocarbon degraders. 
Both of the crops did not aid the reduction of TPHs in the soil[6]. Plants should be native to the oil-
contaminated area and they should be tolerant to the conditions of weather and soil properties. As cost is 
an important factor, inexpensive plants are preferable[7]. The research objective was to investigate (i)the 
biodegrading activity of the HDMs isolated from the HYRE wetlands, and (ii)the HDMs co-
metabolization with indigenous plants at different levels of diesel concentration in the contaminated soil, 
(iii)the change characteristics of the diesel component after biodegradation. 
2. Materials and methods 
2.1. Soils and diesel sample 
The soil sample with no previous history of exposure to diesel or other organic contaminants were 
collected from the field in the east campus of Shanghai University. The soil characteristics were: pH 8.3; 
organic matter, 38.6 g/kg; total nitrogen, 2.4 g/kg. Diesel sample, No. 0, was bought from Minghe petrol 
station of Sinopec in Baoshan district, Shanghai. The soil samples (2 500g dry weight per pot) were 
packed into experimental pots (20cm in diameter and 30cm in height), and mixed with diesel at 1 000, 5 
000, 10 000, 15 000 and 20 000 mg/kg trentments[8]. 
2.2. Experiment plants 
The experimental plants were Scirpus triqueter (Scirpus tripueter L.; STL), reed (Phragmites 
australis; PA), Herba CaricisPhacotae (Carex phacota Spr.; CPS) and Sagittaria sagittifolia 
(Sagittaria sagittifolia L.; SSL), which were washed out in the sediments of the Huangpu-Yangtze 
River estuary. Every kind of plants with similar biomass was transplanted into the pots, along with 
unplanted controls. An adaptation phase for the plants should be provided during the experiment process. 
2.3. Bacterial suspension of HDMs 
The HDMs were isolated from diesel polluted soil of HYRE wetlands by direct inoculating dilutions of 
soil samples in mineral salts medium[8] containing different concentration of diesel as the sole carbon and 
energy sources. The process repeated several times with the increase of the diesel concentration. Discrete 
colonies were picked and purified two times on nutrient agar. The HDMs were assigned to the genera 
Pseudomonas and Achromobacter by biochemistry analysis and 16S rDNA gene sequencing in the 
experiment[8-10]. The HDMs were inoculated into the beef extract and peptone medium, 30ć and 
cultivated to logarithmic phase. Bacterial cells was collected by centrifugation with normal saline several 
times and suspended in saline buffer. The absorbance (OD660) of bacterial suspension was adjusted to 1.5. 
2.4. Pot experiments design 
The experiment was divided into three groups. The controls were diesel amended soil without plants or 
microbial amendment. 25mL bacterial suspension was mixed into the planted soils and unplanted soils as 
the two experiment groups. Four planted experimental groups were called STL-Ms, PA-Ms, CPS-Ms and 
SSL-Ms in the following. Each group had three replicates. During the experiment, all the pots were 
watered with running water to keep a liquid level in every pot, and the weather conditions were recorded 
every day. All the pots were placed in the open air for 60 days. 
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3. Results and discussion  
3.1. Diesel degradation by HDMs 
The diesel concentration of the initial soil, inoculated soils and non-inoculated soils (control samples) 
after 30 days and 60 days are shown in Fig.1. (a) and (b). The histogram indicated that the diesel 
concentrations were orderly decreased in the initial samples, control samples and microbe samples, 
however the degree of reduction is different in various samples after 30 days and 60 days. Degradation of 
TPH can be caused by physical, chemical and biological factors during the experiments. The decrease of 
diesel concentration in control samples owing to the volatilization of some labile diesel components and 
the biodegradation effect of primary microorganisms. The degradation is often caused by volatilization, 
eluviation and photolysis in the unplanted control[11]. Moreover, the degradation effect could be enhanced 
by inoculating HDMs. The degradation effects of HDMs soils were greater than control soils. The HDMs 
caused a further reduction of diesel contaminant, which meant the HDMs could degrade diesel pollutants.  
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Fig.1.(a) Residual diesel fuel in soils after 30 days Fig.1.(b) Residual diesel fuel in soils after 60 days 
*indicated significant different between non-inoculated and inoculated treatment 
The relative degradation rates[8] of HDMs for 60days was higher than 30 days under different 
concentrations, and there were similar trends for 30 days and 60 days: degradation rates of HDMs were 
gradually increased with diesel concentrations from 1 000 to 15 000 mg/kg, however decreased on the 20 
000 mg/kg. The experimental phenomena could be often caused not only by biodegradation strongly in 
the lower pollutant concentrations but also by volatilization, eluviation and photolysis. The inherent 
microorganisms and enzyme of soils played an important role especially at lower diesel concentrations. 
Some study indicated that the CFU of soil bacteria and fungi was increased with soil TPH concentration 
increasing[12]. The TPH at low concentration could be served as nutrition to microorganisms. HDMs 
began to propagate rapidly at a certain extent which made the degradation rates raise[13]. Therefore, the 
nutritional conditions of soils could be the important factor in the degradation process. 
3.2. Degradation rates of various plants combined with HDMs 
Oil-degrading microbes can co-metabolize diesel using plant root compounds as primary substrates. 
Hydrocarbon degradation is believed to occur through a rhizosphere effect plants exude organic 
compounds with their roots, which increases the density, diversity and activity of specific microorganisms 
in the surrounding rhizosphere, which in turn degrade hydrocarbons[14]. During the growth of the plants, 
no visible toxic responses to the diesel pollutants of different concentrations were observed in the 
experiment except for 20 000 mg/kg in diesel concentrations. After 60 days, the degradation results of 
various experimental groups for plants and microbes demonstrate that diesel degradation rates of the 
microorganisms and plant-microbes are different (Fig.2). Higher degradation rates of STL-Ms and SSL-
Ms were obviously under 1 000 mg/kg level. Furthermore, good degradation effects are revealed in the 
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four plant-microbes groups under 5 000 mg/kg and10 000 mg/kg level. However, under higher diesel 
level, 15 000 mg/kg, STL-Ms, SSL-Ms and CPS-Ms have strong degradation capacity, and PA-Ms group 
is less capable. The organisms’ degradation effects are poor on the 20 000 mg/kg level because the 
growth of plants and microorganisms was constrained at high pollutant level of diesel toxicity. Generally, 
the biodegradation rates of STL, CPS and SSL combined with HDMs are higher than that of unplanted 
ones[11]. Diesel amount were decreased about 76-80%(at 15 000 mg/kg diesel level) respectively under 
the co-activition action of PA, STL, SSL and CPS with HDMs. The physicochemical property of soils 
and the activities of microorganisms had been promoted around the rhizosphere microenvironment. The 
plants root turnover would provide an important source of carbon and enzyme in the process of the 
rhizoremediation, and the diesel could serve as nutrition to the growth of plants and microorganisms. The 
experiments show that most of the biodegradation rates declined at 20000 mg/kg level. That meant the 
concentration exceeded the endurance of plants and microbes to diesel pollutants, which would lead to the 
decrease in biodegradation rate. 
3.3. Components characteristics of diesel bioremediation 
Distribution characteristics of n-alkanes in the bioremediation experiments by various plants combined with 
HDMs were shown in Fig.3.  
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Fig.2 Degradation rates of diesel fuel after 60 days Fig.3 Alkanes distribution in the soils after 60 days
The n-alkanes are readily degraded by microorganisms and usually considered the most easily degraded 
hydrocarbons[15]. The experiment results indicate that the HDMs isolated from the HYRE wetland could play 
a biodegradation effect on the n-alkane components of diesel contaminants. The four plants collected 
from the HYRE wetland combined with the HDMs made a further degradation on the n-alkanes in the 
diesel contaminants. The degradation characteristics of four plants combined with HDMs are different in the 
degradation of n-alkanes in the experiment. STL-Ms and SSL-Ms play a good role on the n-alkanes 
components of diesel pollutants. Distribution characteristics of various alkanes were obviously in the 
diesel pollutants for 30d experiment. Microbial degradation alone was weak, and plant-microbes groups 
had strong degradation ability, especially STL-Ms and SSL-Ms in the experiments. It revealed that the 
degradation effects of HDMs and the co-metabolization of the four kinds of plants in the rhizosphere 
microenvironment were better than in the control soils. The carbon number is the greatest factor 
influencing the biodegradation speed of the paraffins[15]. The influence of plants is not important for 
degradation and removal of alkanes. Biodegradation is a sequential process, n-alkanes typically being 
amongst the hydrocarbons to be removed ¿rstly, with lighter homologues being most susceptible. This is 
followed by the removal of other hydrocarbon classes depending on the capabilities of the 
microorganisms, but the general order is n-alkanes, iso-alkanes, cycloalkanes, 1-3 ring aromatics, 
polycyclic aromatics, resins and asphaltenes[15,16]. 
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4. Conclusions 
The pots experiment showed that the HDMs isolated from the diesel contaminated sediments at HYRE 
wetlands could degrade diesel. Based on the various levels of diesel contaminated soils, the pollutants 
degradation rate was higher than the un-inoculated pots both after 30 days and 60 days under the co-
operation action of the plants and microbes. The extractable concentrations of the diesel pollutants were 
lower in rhizospheric soils than non-rhizospheric soils. The co-metabolization of plants-microbes would 
increase the diesel biodegradation rate. Diesel amount were decreased about 76-80% (at 15 000 mg/kg 
diesel level) respectively under the co-activition action of PA, STL, SSL and CPS with HDMs. Generally, 
the four kinds of plants with HDMs have certain degradation effect on the n-alkanes, especially STL-Ms, 
CPS-Ms and SSL-Ms. Microbes associated with dominated wetland plants increased alkane hydrocarbon 
degradation potential and activity. The plants in the wetlands and the HDMs could be reasonably matched 
to control the diesel pollution of the HYRE wetlands.  
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